Two Gram-stain-negative, non-motile, non-pigmented cocci, designated IMCC11369
16S rRNA gene sequence similarity and .86.3 % DNA-DNA relatedness, which suggested that they belong to the same genomic species. The isolates were most closely related to Lentisphaera araneosa HTCC2155 T (99.0 % 16S rRNA gene sequence similarity). Phylogenetic analysis revealed that the isolates formed a robust cluster with L. araneosa HTCC2155 T . DNA-DNA relatedness values, however, showed that the isolates were distantly related to L. araneosa HTCC2155 T (2.0-18.6 %), which suggested that they represent a separate genomic species in the genus Lentisphaera. The two isolates were phenotypically differentiated from their closest relative by several characteristics, including degradation of macromolecules and carbon source utilization. The DNA G+C content was 44.5-45.2 mol% and the predominant cellular fatty acids were C 14 : 0 , C 16 : 1 v9c and C 16 : 0 . Strain IMCC11369 T contained MK-7 as the respiratory quinone and phosphatidylethanolamine and an unknown lipid as the major polar lipids. On the basis of data obtained in this study, a novel species is proposed to accommodate the isolates, Lentisphaera marina sp. nov. The type strain is IMCC11369 T (5KCTC 23780
The phylum Lentisphaerae was created by Cho et al. (2004) using phylogenetic analysis based on 16S rRNA gene sequences of three cultivated organisms (Lentisphaera araneosa HTCC2155 T and HTCC2160 and Victivallis vadensis Cello T ) and environmental clone sequences retrieved from marine and freshwater habitats, anaerobic digesters and faeces. At the time of writing, the phylum Lentisphaerae comprised the orders Lentisphaerales (Cho et al., 2004) and Victivallales (Cho et al., 2004) and five subphyla that contain no cultured representatives (Hedlund et al., 2011) . Since the creation of the phylum, no other species belonging to it have been reported. The genus Lentisphaera (Cho et al., 2004) is the type genus of the order Lentisphaerales, which at the time of writing comprises a single species, L. araneosa, which was isolated from the eastern Pacific Ocean off the Oregon coast by using high-throughput cultivation based on dilution-toextinction culture (Connon & Giovannoni, 2002) . The genus Lentisphaera accommodates Gram-negative, nonmotile, non-pigmented cocci that produce extracellular polymeric substances in oligotrophic seawater medium. The draft genome sequence of L. araneosa HTCC2155
T comprises 5173 open reading frames, including 267 putative arylsulfatases and 22 glycosyltransferases that were predicted to be involved in production of extracellular polymeric substances (Thrash et al., 2010) .
During a survey of microbial diversity inhabiting coastal seawater of the East Sea, two bacterial strains, designated IMCC11369 T and IMCC11389, were isolated using dilution-to-extinction culture (Connon & Giovannoni, 2002) . A seawater sample was collected at a depth of 10 m off the coast of Sokcho, East Sea, Korea (38 u 139 490 N 128 u 419 10 E). A low-nutrient heterotrophic medium was prepared using the same seawater sample, in accordance with the protocols described by Connon & Giovannoni (2002) . Inoculation, incubation and screening of dilution cultures were performed as described by Song et al. (2009) . The original liquid cultures of strains IMCC11369
T and IMCC11389 were obtained after 4 weeks at 15 u C and were spread onto marine agar 2216 (MA; BD Difco). Colonies were isolated after 20 days at 15 u C. After the optimum temperature for growth was determined, the isolates were routinely grown on MA or marine broth 2216 (MB; BD Difco) at 20 u C.
Genomic DNA was extracted from purified colonies using a DNeasy tissue kit (Qiagen), according to the manufacturer's instructions. DNA-DNA relatedness between strains IMCC11369
T and IMCC11389 and L. araneosa T was determined by membrane-based slot-blot hybridization using a DIG-High Prime DNA Labelling and Detection Starter kit (Roche Molecular Biochemicals), according to the manufacturer's instructions. The 16S rRNA gene was amplified using the primers 27F-B and 1492R and sequenced as described by Cho & Giovannoni (2003) . The resultant almost-complete 16S rRNA gene sequences of strains IMCC11369
T and IMCC11389 (both 1449 bp) were imported into the ARB software package (Ludwig et al., 2004) and aligned based on the secondary structure of 16S rRNA molecules. Sequence similarities were determined using ARB and also were confirmed using the EzTaxon-e server (Kim et al., 2012) . Phylogenetic trees were generated in MEGA5 (Tamura et al., 2011) using neighbour joining (Saitou & Nei, 1987) with Jukes-Cantor distances (Jukes & Cantor, 1969) , maximum parsimony (Fitch, 1971) and maximum likelihood (Felsenstein, 1981) .
Strains IMCC11369
T and IMCC11389 shared 99.9 % 16S rRNA gene sequence similarity and 86.3 (reciprocal 104.4 %) DNA-DNA relatedness. Thus, the isolates were considered to be members of the same genomic species (Wayne et al., 1987) . Strains IMCC11369
T and IMCC11389 were most closely related to L. araneosa HTCC2155 T (99.0 % 16S rRNA gene sequence similarity). In all phylogenetic trees (Fig. 1) , the isolates and L. araneosa HTCC2155 T formed a robust cluster supported by high bootstrap values, which suggested that the isolates belong to the genus Lentisphaera. As 16S rRNA gene sequence similarity between the isolates and L. araneosa HTCC2155 T exceeded the recommended threshold of 97 % for the demarcation of prokaryotic species (Stackebrandt & Goebel, 1994) , DNA-DNA hybridization between the isolates and L. araneosa HTCC2155 T was performed. DNA-DNA relatedness between strain IMCC11369 T and L. araneosa HTCC2155 T was 18.6 % (IMCC11369 T as probe; reciprocal 18.3 %) and that between strain IMCC11389 and L. araneosa HTCC2155 T was 2.0 % (IMCC11389 as probe; reciprocal 13.4 %). The low DNA-DNA relatedness between the isolates and L. araneosa HTCC2155
T indicated that strains IMCC11369
T and IMCC11389 represent a separate genomic species in the genus Lentisphaera (Wayne et al., 1987) .
Phenotypic characteristics were determined for strains IMCC11369 T and IMCC11389 and L. araneosa HTCC2155 T using the same methods and cultivation conditions. Gram-reaction based on Gram staining and the KOH method, cell size and morphology, colony characteristics, presence of flagella and intracellular granules, motility, temperature, pH and NaCl ranges and optima for growth, catalase and oxidase activities and anaerobic growth were determined according to Tindall et al. (2007) and a previous report (Yang & Cho, 2008) except that bacterial cultures were grown on MA or in MB at 20 u C for 2 days. Triple-sugar iron agar (BD Difco) supplemented with 2.0 % NaCl was used to determine H 2 S production. Hydrolysis of casein (10 % skimmed milk, w/ v), starch (0.2 %, w/v), chitin (0.5 %, w/v), CM-cellulose (0.2 %, w/v) and Tween 80 (1.0 %, v/v) was determined based on the formation of clear zones around colonies after adding appropriate solutions (Tindall et al., 2007) . Degradation of DNA was tested using DNase test agar (Difco) amended with 2.0 % NaCl. Other biochemical tests were carried out using API 20 NE, API ZYM and API 50 CH test strips (bioMérieux) using cells in artificial seawater (ASW) medium [per litre deionized water: 30 g NaCl, 1.0 g MgCl 2 . 6H 2 O, 4.0 g Na 2 SO 4 , 0.7 g KCl, 0.15 g CaCl 2 . 2H 2 0, 0.5 g NH 4 Cl, 0.2 g NaHCO 3 , 0.1 g KBr, 0.27 g KH 2 PO 4 , 0.04 g SrCl 2 . 6H 2 O, 0.025 g H 3 BO 3 , 0.001 g NaF, 10 ml Tris/HCl (pH 8.0) and 1 ml SN trace metal solution (Waterbury et al., 1986) ]. Viscosity of the medium due to the production of extracellular polymeric substances was tested in ASW medium according to the method described by Cho et al. (2004) . Utilization of various compounds as sole carbon sources was tested as described previously (Cho & Giovannoni, 2003) , with 47 different carbon compounds at a final concentration of 0.02 % (w/v or v/v). The following antibiotics were tested using the diffusion-plate method (mg per disc): ampicillin (10), chloramphenicol (25), erythromycin (15), gentamicin (10), kanamycin (30), penicillin G (10), rifampicin (50), streptomycin (10), tetracycline (30) and vancomycin (30).
DNA G+C content was determined by HPLC (Mesbah et al., 1989 ) using a reversed-phase C18 column (5 mm 6 15 cm 6 64.6 mm; Supelco). The fatty acid methyl esters of the isolates and L. araneosa HTCC2155 T were extracted from cultures grown on MA at 20 u C to the late exponential phase (10 days) and were determined using the Sherlock Microbial Identification System version 6.1 with the TSBA6 database (MIDI), according to the manufacturer's instructions. The respiratory isoprenoid quinones were extracted by TLC and analysed by HPLC (Minnikin et al., 1984) . For obtaining biomass for polar lipid analysis, strain IMCC 11369 T and L. araneosa HTCC2155 T were grown in 4 l ASW medium amended with mixed carbon compounds (0.01 %, w/v, each: Dglucose, D-ribose, succinic acid, pyruvic acid, glycerol, Nacetyl-D-glucosamine; and 0.02 %, v/v, ethanol). After harvesting cells by centrifugation, polar lipids were extracted and determined by two-dimensional TLC on silica gel thin layers (Minnikin et al. 1984) .
The results of morphological, cultural, biochemical, physiological and chemotaxonomic tests are presented in the species description and Table 1 . Several phenotypic characteristics, including temperature range for growth, degradation of macromolecules and enzyme activities, differentiated strains IMCC11369 T and IMCC11389 from L. araneosa HTCC2155 T . The DNA G+C contents of strains IMCC11369
T and IMCC11389 were 45.2 and 44.5 mol%, respectively, which was 3.1-3.8 mol% less than that of L. araneosa HTCC2155 T . The respiratory quinone detected in the isolates was MK-7. The polar lipids of strain IMCC11369 T and L. araneosa HTCC2155 T were phosphatidylethanolamine and an unknown lipid (Fig. S1 , available in IJSEM Online). The major cellular fatty acids (.10 %) of strains IMCC11369
T and IMCC11389 were C 14 : 0 (34.1-34.3 %), C 16 : 1 v9c (32.5-32.6 %) and C 16 : 0 (11.6 %), which is a composition very similar to that of L. araneosa HTCC2155 T ( Table 2) . The isoprenoid quinone, the polar lipid profile and the major cellular fatty acids of strain IMCC11369
T were generally coincident with those of L. araneosa, which suggested the assignment of the isolates to the genus Lentisphaera.
On the basis of phylogenetic data and chemotaxonomic characteristics, strains IMCC11369
T and IMCC11389 can be assigned to the genus Lentisphaera. The low DNA-DNA relatedness between the isolates and L. araneosa HTCC2155 T and several differential phenotypic characteristics clearly suggest that the isolates represent a novel species of the genus Lentisphaera, for which the name Lentisphaera marina sp. nov. is proposed. Based on new chemotaxonomic data, an emended description of the genus Lentisphaera (Cho et al., 2004 ) is also presented.
Emended description of Lentisphaera Cho et al. 2004
The description of the genus Lentisphaera is as given by Cho et al. (2004) with the following amendments. The major fatty acids are C 14 : 0 , C 16 : 1 v9c and C 16 : 0 . The respiratory quinone is MK-7. The major polar lipids are phosphatidylethanolamine and an unknown lipid. The DNA G+C content is 45-48 mol%. The type species is Lentisphaera araneosa.
Description of Lentisphaera marina sp. nov.
Lentisphaera marina (ma.ri9na. L. fem. adj. marina of the sea, marine).
Gram-stain-negative, chemoheterotrophic, oxidase-and catalase-negative, non-motile, non-pigmented and strictly aerobic. Cells are cocci (0.6-1.0 mm wide). Colonies are 0.8-1.2 mm in diameter, uniformly circular, convex, opaque, smooth and milky white after 10 days on MA at 20 u C. Grows at 10-30 u C (optimum, 20 u C), at 7.0-9.0 (optimum, pH 8.0) and with 1.0-15.0 % NaCl (optimum, 2-3 % NaCl). Produces extracellular polymeric substances Opitutus terrae PB90-1 T (AJ229235) Fig. 1 . Neighbour-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between strains IMCC11369
T and IMCC11389 and their relatives in the phylum Lentisphaerae. Bootstrap values (.70 %) are shown at branch nodes (above, with neighbour joining; below, with maximum parsimony and maximum likelihood, respectively; asterisk, with maximum parsimony). Filled circles indicate that the corresponding nodes were also recovered in maximum-parsimony and maximum-likelihood trees. Open circle indicates that the corresponding node was also recovered in the maximum-parsimony tree. Bar, 0.05 substitutions per nucleotide position. 
